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Abstract

This study investigated the surface morphology characteristics of paint-contaminated stone materials after laser and
blasting cleaning. Artificial red and black paint contaminants were applied to sandstone, granite, and diorite specimens, and the
cleaning results were evaluated by digital microscopy and using three-dimensional surface morphology and colorimetric
analyses. Laser cleaning showed relatively high variation and 4E values in red paint-contaminated granite and diorite
specimens, indicating that color and surface morphology changes tended to occur simultaneously. In contrast, blasting
cleaning exhibited mixed patterns of increase and decrease in surface height depending on the stone material: the 4E values
remained within a relatively stable range. Correlation analysis revealed a relatively strong positive relationship between 4E
and surface height variation after laser cleaning, whereas no distinct correlation was observed for blasting cleaning. These
results suggest that cleaning responses are influenced not only by the cleaning method but also by the optical characteristics
of contaminants and physical properties of stone materials. Therefore, both surface morphology and color stability should be
considered when selecting appropriate cleaning methods for the conservation of stone cultural heritage.

Key words : Stone cultural heritage, Laser cleaning, Blasting cleaning, 3D surface morphology, Colorimetric analysis,
Paint contamination
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Fig. 1. Stone specimens before and after artificial contamination. (a—c) represent sandstone, granite, and diorite, respectively.
(al-cl) indicate red paint contamination, and (a2-c2) indicate black paint contamination.
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Fig. 2. Digital microscopy images of paint-contaminated samples before and after cleaning.
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Table 1. 3D surface morphology and protrusion height before and after cleaning

No. Method Position Before (im) After (ym) Variation (%)
Peak 1498 1579 +5.4
Laser Mid-height 55.5 86.3 +55.5
al Valley 860.5 512.4 -40.5
Peak 1077 1309 +21.5
Blasting Mid-height 612 124.6 -79.6
Valley 48.5 1.3 -97.3
Peak 1010.3 1578.6 +56.3
Laser Mid-height 789.8 909.7 +15.2
0 Valley 111.5 218.5 +96
Peak 641.2 1309.1 +104.2
Blasting Mid-height 403.9 806.9 +99.8
Valley 68.1 139.3 +104.6
Peak 1000.2 2337.7 +133.7
Laser Mid-height 553.4 1292.4 +133.5
bl Valley 335 659.2 +96.8
Peak 1021.4 1292.5 +26.5
Blasting Mid-height 655.6 746.8 +13.9
Valley 257.9 27.1 -89.5
Peak 1635.7 2379.6 +45.5
Laser Mid-height 908.9 451.1 -50.4
0 Valley 186.7 11.72 -93.7
Peak 1353.8 1297.7 -4.1
Blasting Mid-height 583.2 707.1 +21.2
Valley 51 9.4 -81.6
Peak 880.9 1957.9 +122.3
Laser Mid-height 484.7 1061.5 +119
o Valley 145 285.5 +96.9
Peak 1381.9 2471.6 +78.9
Blasting Mid-height 833 1476.3 +77.2
Valley 179.9 282.1 +56.8
peak 1920.4 2260.2 +17.7
Laser Mid-height 1108.7 1358.7 +22.6
o Valley 637.6 352.8 -44.7
Peak 1099.2 1187.1 +8
Blasting Mid-height 636.1 650.2 +2.2
Valley 30.4 56.7 +86.5
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Table 2. Colorimetric analysis of paint-contaminated stone specimens before and after cleaning

Colorimetric values

No. Cleaning method Test
L* a* b* AE
Before 55.65 -1.22 -3.77
Laser 31.8
. After 56.30 26.25 12.24
‘ Before 57.74 -121 -3.41
Blasting 14.9
After 71.89 -1.51 1.26
Before 43.70 -1.50 -4.38
Laser 39.26
5 After 82.91 -1.43 6.37
: Before 55.64 -1.26 -1.69
Blasting 15.4
After 70.54 -1.80 2.29
Before 72.38 -0.91 -0.45
Laser 51.2
b1 After 51.79 42.04 18.38
Before 72.09 -0.37 -0.74
Blasting 24.9
After 95.42 0.51 7.98
Before 76.27 -0.56 -0.52
Laser 26.3
0 After 99.16 -0.32 12.32
Before 71.30 -0.94 -1.93
Blasting 19.2
After 90.48 -0.90 5.75
Before 65.79 -0.93 -0.04
Laser 36.3
. After 53.03 30.18 13.59
¢ Before 62.21 -0.84 0.69
Blasting 16.9
After 78.66 -1.28 4.73
Before 60.28 -1.09 -0.95
Laser 22.5
2 After 81.24 -1.25 7.17
‘ Before 60.21 -1.18 -0.79
Blasting 21.8
After 81.07 -1.56 5.48
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Fig. 4. Changes in L* a* b* and 4E values after laser and blasting cleaning of paint-contaminated stone specimens.
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